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Spectral copies of 1 H NMR, 13 C NMR and HRMS of compounds obtained in this study.
General Methods
All solvents were redistilled before use . IR spectra were recorded on a Perkin-Elmer PE-983 infrared spectrometer as KBr pellets with absorption in cm -1 . 1 H spectra were recorded in CDCl 3 on a Varian Mercury 600 spectrometer and resonances (δ) are given in ppm relative to tetramethylsilane. 13 C spectra were recorded in CDCl 3 on a Varian Mercury 600 (150 MHz) spectrometer and resonances (δ) are given in ppm relative to the center line of a triplet at 77.0 ppm of chloroform-d. The following abbreviations were used to designate chemical shift mutiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad. HRMS were obtained on a Bruker 7-tesla FT-ICR MS equipped with an electrospray source (Billelica, MA, USA). The X-ray crystal-structure determinations of S3, S4, S5, L1 and L2 were obtained on a Bruker SMART APEX CCD system. Column chromatography was performed on silica gel (200-300 mesh, CHCl 3 /CH 3 OH). Terminal alkynes were prepared according to the reported methods. 
Scheme 3
General experimental procedure for products (Scheme 1, Scheme 2, Scheme 3).
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Preparation of products: 1.0 mmol of terminal diyne, 1.0 mmol of secondary diamine and 2.0 mmol of formaldehyde in the presence of 1.0 mmol CuCl in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure.
and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products.
S3

Spectroscopic Data
1.0 mmol of terminal diyne 1a (0.186g), 1.0 mmol of piperazine (0.086g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S1 and L1. 1.0 mmol of terminal diyne 2a (0.220g), 1.0 mmol of piperazine (0.086g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S2 and L2. 1.0 mmol of terminal diyne 3a (0.304g), 1.0 mmol of piperazine (0.086g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S3 and L3. 1.0 mmol of terminal diyne 4a (0.294g), 1.0 mmol of piperazine (0.086g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S4 and L4. 1.0 mmol of terminal diyne 5a (0.186g), 1.0 mmol of piperazine (0.086g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). 1.0 mmol of terminal diyne 5a (0.186g), 1.0 mmol of 2-methylpiperazine 2b (0.100g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S6 and L6. 1.0 mmol of terminal diyne 5a (0.186g), 1.0 mmol of 2,5-dimethylpiperazine 3b (0.114g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S7 and L7. 1.0 mmol of terminal diyne 1a (0.186g), 1.0 mmol of 1,4-diazepane 5b (0.100g) and 2.0 mmol of formaldehyde (0.8 ml, 37%) in the presence of 1.0 mmol CuCl (0.1g) in 30 mL of dioxane were heated at 90℃ for 2 h. After workup (monitored by TLC), the solvent was removed under reduced pressure. and added 50mL water to the residue, then extracted with CH 2 Cl 2 3 times (3 × 50mL). The organic phase was dried by anhydrous Na 2 SO 4 , and removed the CH 2 Cl 2 under reduce pressure. The final residue was purified by column chromatography on silica gel (CHCl 3 /CH 3 OH) to afford the expected the products S10 and L10. 
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